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Foreword

This report is a presentation of data "1
N from the first 44 legs of the D/V

GLOMAR CHALLENGER, a deep-ocean drill
ship operating under the direction of
the Deep Sea Drilling Project. The
selection of parameters presented and
the graphic format were designed to
convey a summary view of the inter-
relationship between the seismic,
lithologic, and physical property data
as a first step in the synthesis of
this information in support of
geoacoustic modeling.

C. G. Darrell, Captain, USN
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J Executive Summary
U -

Deep ocean sediment cores recovered by
the drill ship D/V GLOMAR CHALLENGER
have provided invaluable "boundary
conditions" for the interpretation of
rarine seismic reflection and refrac-
tion data. In corbination, these data
provide much of the basis for construct-
ing geoacoustic models in support of
low-frequency acoustic propagation in
the deep ocean. This report provides a
concise, graphic correlation between
vertical reflection seismic records1across the drill holes, and lithologic-
physical property data tieasured from

the drilled cores. This correlation
3and condensation in a standardized for-

mat is the first step in producing a
synthesis of the data, which will pro-

*' vide insight into the correlation be-
k,'4 tween lithologic and acoustic properties

.of marine sediments. As stated, this

data presentation is only the first step
of a synthesis, and interpretation has, " been minimized. The material is being
published at this time in the belief that

, , the condensed data presentation is of

IO irmmlediate value to many people independ-
ent of the author's ultimate objective.
A detailed discussion of terminology and
measurement technique is provided for
users from outside the geoscience
discipline.
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A Suinm ry of Selected Data: DSDP Lop 20-44

1. IntoduCtion With eleven years of drilling
completed, and all ocean drilled (with

Project Mohole demonstrated that the the exception of the Arctic Ocean),
drilling techniques so highly developed there is now a growing trend toward
by the petroleum industry could be drill data syntheses on both regional
extended to deep ocean water depths. and global scales.
It also demonstrated that an
exploratory program of ocean sediment The compilation of data presented in
and upper basaltic layer drilling would this publication was to provide a
require a different type of platform foundation for P synthesis directed
from that required to penetrate to the toward deep-sea geoacoustic modeling.
upper mantle. As a result, the To produce such a synthesis, however,
National Science Foundation (NSF) the vast amount of data available from
proposed to the United States Congress DSDP had to be sorted, condensed, and
in 1963 that an "Ocean Sediment Coring formated to allow data relevant to one
Program" be initiated separately from specific purpose to be assimilated. A
the Mohole Project. To pursue this further consideration was that a
endeavor, four oceanographic synthesis of data from a continuing
institutions joined to form the Joint project must have a data "cut-off"
Oceanographic Institutions for Deep point. This investigation, therefore,
Earth Sampling (JOIDES), with initial is limited to data from only the DSDP
funding by NSF in fiscal year 1965. phase of the drilling program (Legs
These efforts resulted in the 1-44), a point chosen because it was an
construction of the drill ship D/V organizational break in the program,
GLOMPR CHALLENGER by Global Marine and because the detailed data of the
Inc., with design capabilities of first half of the drilling program is
drilling a 2500 ft hole in 20,000 ft of now published and readily available in
water. the Initial Reports of the Deep Sea

Drilling Project (hereafter referred to
On 16 August 1968, a 2528 ft hole was as Initial Reports).
completed in 9275 ft of water at 250
51.5'N and 92011.0'W in the Gulf of The data presented were obtained
Mexico. This was the initial drill directly from DSDP in the form of
hole of the NSF-Funded Deep Sea digital magnetic tapes, computer plots
Drilling Project (DSDP). GLOMAR and 35 mm microfilm, while the
CHALLENGER proceeded to complete 44 descriptive paragraphs were summarized
drilling legs (a total of 394 holes) from discussions in the Initial
under the direction of DSDP. After Leg Reports. The selection of data to

44, NSF funding was augmented by funds present and the presentation format
from other nations and GLOMAR were designed to convey a summary view
CHALLENGER continued to drill, but of the interrelationship between
under the direction of the seismic, lithologic, and physical
International Program of Ocean Drilling properties. The data presentation and
(IPOD). This phase of the program discussion follow the form of the
added Legs 45-69, an! was continued Initial Reports wherever possible, and
until October 1979. Cui rent plans are are discussed in the section entitled
to extend the exploratory drilling Explanatory Notes. Portions of the
program to August 1981 with Legs 70-82. Explanatory Notes quoted directly from



the Initial Reports are indicated by a of penetrometer data. Column (3
different type style and referenced. indicates the composition as

calcareous, siliceous, detrital,

1I. Explanatory Notes and igneous. Column indicates
the mode of deposition and includes

A. Key to Illustrations pelagic, transitional, andterrigenous. Column @ shows

The majority of this publication the cored intervals.
consists of a graphic presentation of
data collected by the D/V GLOMAR (DI Geologic age, series or stage
CHALLENGER. Figure 1 is a sample drill boundaries are indicated by tick
hole illustration from Section V. The marks (see Time Stratigraphic
numbers are keyed to the descriptions Framework, Section II.B.2.e.).
which follow. Figure 2 defines the
patterns used for presenting (14 Drill depth, scale in meters.
induration, lithology and cored
interval of colunms 7-10 of Figure 1. @ Sand content is plotted with

percentage increasing to the right,
oSeismic record of region showing while clay is plotted with

location of drill site. percentage increasing to the left.
Silt content is represented by the

scale of two-way travel time, in remaining area between the curves
seconds. (see Grain Size Analyses Section

II.B.2.a.).
Seismic record with right-hand edge
cropped at drill site location. A Calcium carbonate content is

plotted with percentage increasing
0Two-way travel time picks, in to the right, while silica content

seconds, of prominent reflecting is plotted with percentage
horizons. Some that are not increasing to the left. The
readily apparent on the photo copy remaining area is material other
of the seismic record are taken than calcium carbonate or silica.
from the Initial Reports. Since these two factors were

measured by different means, they
Interval velocity of correlated havd been normalized not to exceed
seismic travel time to drilled 100% (see Carbonate and Silica
lithogic-depth. Velocity values Analyses, Section II.B.2.b.
are taken from the Initial Reports and c.).
and are computed directly from the
interval (time and depth). Sound velocity measurements taken
Velocities are not given where in core samples are plotted
correlations or values were increasing to the right. The scale
questionable. -anges from 1.5 km/sec to

4.0 km/sec, with values outside
60 Interface picks, in meters, at this range plotted on the

discontinuities in lithology taken boundaries.
from the Initial Reports or
determined from the core data Measured porosity values are
directly. plotted increasing to the left,

with the scale ranging from 40% to
SLithologic data are presented in 90%. Values below 40% are
four columns (Fig. 2). Column truncated.
indicates the degree of sediment
induration. The scale is divided
into soft, firm, and hard, and

)represents a qualitative assessment
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B. Measurements volume of the wet-saturated sample and
is expressed as a percentage. Water

The core analysis is divided into two content is defined as the weight of
parts: the initial On-Board Studies water in the sediment divided by the
(Sect. II, B.1) and the subsequent weight of the saturated wet-sediment
Shore-Based Studies (Sect. II, B.2). jhh is also expressed as a percentage.
The discussion in these sections iS Salt corrections were not made.
predM. jantly in the form of excerpts

';uoted from the Initial Reports, and Individual soft sediment samples were
provides the details of measurement taken with a one cubic centimeter
relevant to the data plotted in Section syringe with the end cut off, squared,
V (7, 13-16 of Fig. 1). The Time and sharpened, so that the leading
Stratigraphic scale used is that sharp edge was flush with the inside
presented in JOIDES (1974). The diameter of the syringe. The sampling
abbreviations shown in the Time technique is similar to that of piston
Stratigraphic Framework Chart in coring. The syringe cylinder and the
Section II, B.2 are those used in the end of the plunger are placed flush
Data Su nary Section. with the surface of the sediment to be

sampled, and then the plunger is held
1. On-Board Studies stationary while the cylinder is slowly

pushed into the sediment. Volume
a. Porosity, Wet-bulk Density, Water measurements of hard sediments are not
Content* possible with this technique.

Aboard the GLOMAAR CHALLENGER wet-bulk Volume of the soft sample is measured
density and porosity were measured by wlu the same syringe before the sample

two metfhds. on utilized small is weighed. The sample is then weighed
individual sediment samples, which wtie while wet and after drying at 110 0C for
collected from the relativej 24 hours and then cooling in a desi-
"undisturbed' center portion of the cator for at least two hours. The
cores. The volumes of these wet greatest limitation on these measure-
samples combined with their wet and dry ments is the size of the sample which
weights were used to calculate their can be weighed accurately at sea (less
wet-bulk density ane porosity. The than one gram). Therefore, a single
second method requ;,red measurements of weighing, if the sea state permits, has
garna-ray attenua'cion through the an error of about + 1 percent, and a
sedi-nents and rocks, which relates to single volume measurement on this small
their wet-bulk density. This was done sample is subject to a high error of
by a system c7 lled Gafma Ray Attenua- about + 4 percent. Weight-weight water
tion Porosit y Evaluator, which will content measurements, which do not
hereafter b,e referred to by its acronym involve volume measurements, have a
GRAPE. precision of about + 2 percent

Weight And Volume Density Measurements (absolute error).

Wet- Calculations of water content, wet-bulk

I de' -bulk density in this report is density, and porosity are as 'ifllows
fined as the weight in grams of the (without salt correction):

iet-saturated sediment (or rock) per
cubic centimeter of the wet-saturated Water Content (9) = 100 X

.jsediment. Porosity is defined as the

volume of pore space divided by the (weight wet sediment')-

(weight dry sediment + salts) (1)
(weight wet sediment)

*This section, Porosity, Wet-bulk,
Density and Water Content, is quoted
from Boyce (1970).

Densit



Wet bulk density (g/cc) = (2) immediately calculates apparent

(swet-bulk density from the measured
K (Weight wet sediment) parameters. Evans (1965), Harms and

(Volume wet sediment) Choquette (1965), Evans and Cotteral
(1970), Brier et al. (1969), and

Porosity (%) = (100/1.00 g/cc) Whitmarsh (1971) contain discussions of

r- the principle; Evans (1965) and Evans
(weight wet sediment)- (3) and Cotteral (1970) also give a

(weight dry sediment + salts) detailed equipment description.
(Volume wet sediment)

The GRAPE works on the principle that
Averaged, or estimated, grain densities gamma rays of a specified energy inter-
are used when calculating porosity with val (0.3 to 0.359 Mev) are absorbed or
the shore-based laboratory GRAPE scattered when they travel through a
computer program. Some average grain sediment or rock sample, and that this
density values are approximated using attenuation is related to the density
the porosity, wet-bulk density, and of that material. These gamma rays are
water content measurements done on absorbed or scattered by the electrons
individual samples by Equation 4. This in the minerals, and it is assumed that
equation is not precise and has a large the ratio of the number of electrons in
scatter of grain densities, especially any given mineral to its density can be
when the sample has a high porosity, considered a constant; however, this is
and therefore is used only to get an not true for all minerals. The varia-
average value. tion of this "constant" is seen as a

variation of the attenuation coeffi-
Porosity =cient for those "anomalous" minerals.

Corrections for these "anomalous"
wt. water X 100 minerals may be applied in the future

density water when the mineralogy and attenuation
wt. wate r \+ wt r ed. + salIt coefficients become accurately known.

density water tdry sed. + sal At the present, only a correction for

the "anomalous" water density, or
Density Dry Sed. + Salt attenuation coefficient, is applied as

it comprises up to 80 percent of the
- (wt. dry sediment + salt) sample.,

wt.wt.]
vaporated (100) evaporated Theory
ater 1 - Iwater 
I n s ty (porosity) density The GRAPE system provides continuous
aLtwer water (4) apparent wet-bulk density measurements

on the basis of gamma ray attenuation
= wt. dry sediment + salt in an ideal slab absorber (Evans,

v olume I yvolume 1965):)eva porate 00 - (evaporated
ater /porosit water - PB (5)

I= Io e
Salt correction may be made if desired.

Grape System 
-- In ( (6

Basically, the GRAPE device consists of "I is the intensity of the gamma-ray
a drive system to move geologic beam which penetrates the absorber with
material between a shielded gamma ray on loss in energy,
source (Ba1  3 3) and a shielded 10 is source intensity,
scintillation detector. The system PB  is the bulk density in g/cm 3

also includes an analog computer which

6



Is the mass attenuation Where 01 is the electron factor of the
coefficient In cm2 /g, and 'abnormal' component, 6 is the normal

pd is the thickness or diameter of electron factor 0.303, and PGL Is the

the sample in cm." measured grain density of the component
which requires correction." An example

In some sediments, it may be necessary is aluminum which has an electron

to make corrections for minerals whose factor of 0.291 (Evans, 1965).

attenuation coefficients differ signif-
icantly (+ 3%) from that of quartz. PGC = 0.291 X 2.71 g/cc = 2.60 g/cc
Corrections for "anomalous" attenuation 0.303

coefficients of minerals, other than
seawater, were not made, but correc- Electron density factors and corrected
tions may be applied in the future when densities of some common minerals are
the exact quantitative mineralogy and listed in Harms and Choquette (1965),
attenuation coefficient become known. Table 1, P24C-25C) and Evans and

Cotteral (1970).
The above equation with an assumed p of

a 0.100 or 0.102 cm2 /g is accurate for Density values for seawater (1.025
minerals which have a similar attenua- g/cc) and aluminum (2.71 g/cc) are
tion coefficient to that of quartz or calculated by the GRAPE as approxi-
calcite, respectively, or, in other mately 1.125 g/cc and 2.60 g/cc,
words, the equation is accurate for respectively, when calculations are
minerals that have a ratio of the based on an attenuation coefficient
mineral electron density (P.) to its near that of quartz and calcite (0.100
bulk density (PB) which approximates and 0.102 cm2 /g, respectively)
that of quartz or calcite. According (Schlumberger, 1966; Evans, 1965). For
to Evans (1965) "Corrections must be an approximation of "true sediment
provided when the electron factor (0) wet-bulk density, similar density
varies significantly (+ 3% or corrections for other minerals may be
greater):" ignored and the GRAPE data thought of

as two phases consisting of seawater
0 = e/ B (7) and solid mineral grains of quartz.

Since seawater is a major constituent,

"A convenient unit for 0 is the number a correction factor must be applied.
of electrons per cubic angstrom (Pe) This is accomaiplished by processing the
per unit density (PB) ...This ratio is apparent density data through one of
0.303 for many common rocks and the computer programs described below.
minerals, such as calcite, quartz,

dolomite and some clays." Errors

Evans (1965) suggests (and the method Whitmarsh (1971) shows a comparison of
followed by Deep Sea Drilling) "In GRAPE density averoges per 1.5 meter
evaluating equation (... Equation 6 core lengths (referred to as sections)
above) the most convenient computa- to wet-bulk densities determined by
tional procedure is to consider M a weight and volume measurements of the
constant, 0.100 cm2/g, and use entire 1.5 meter core section. These
corrected grain densities for any section-density averages agreed within
sample components having electron +0.03 g/cc, which is very good when

factors in the range of 0.294 0 = 0.312 considering the variables. The GRAPE
The corrected grain densities (PGC) are samples a pencil size area across the
calculated from the following diameter of the core including a
relationship: disturbed portion of the sides of the

liner, which is about 12 percent of the

GC = RlPGL (8) sample. However, that same disturbed
0 sediment around the outer perimeter is

a large volume of the core and is about

7



25 percent of the entire volume of the measurements, the typical liner travel
core section used in the weight-volume time and liner thickness, as measured
density calculations. in addition, with the transducers, were subtracted
minerals may be present which have a In the calculation. These measurements
different attenuation coefficient than were used to get a "ball park" answer
that of calcite. for a particular sediment type, or for

drilling predictions; these data are
In general, wet-bulk density data of discussed as generalities in the text
small weighed samples agree with the and labeled in the tables as approxi-
GRAPE data within +5 percent. This is mate data.
fairly good when considering that the
actual samples of the two methods are When samples contained abundant gas it
different. The individual porosity and was not possible to measure velocities
wet-bulk density weighed samples are because of sound pulse attenuation.
small (less than 1 cc) and from the Even if the pulse were not completely
center portion of the cores, while the attenuated, the data would not be
GRAPE samples are of pencil size volume representative of in situ conditions,
and extend across the entire diameter despite pressure and temperature
of the core. This includes the outer corrections because of gas expansion
peripheries of the cores which are and loss factors.
usually disturbed as a soup or heavy
paste. In addition, the single GRAPE Sound Velocity Method and Equipment for
sample is a moving average of about the Hamilton Frame System
1 cm which is measured in a time of 2

This shc,rt 2 second ganma ray counting distance that sound waves travel atseod (ataaoeeti .5m) on eoiyi setal h

period by itself has an error of +6 given temperature and pressure. To
percent. effectively assess the sound velocity

of rocks or sediments we must measure
b. Sound Velocity* the distance the sound wave travels,

the time required to travel this
Sound velocity measurements were taken distance, and the temperature and
in each major lithology on undisturbed pressure at which this occurs, In this
samples. From some high quality hand- case, it is the compressional velocity
sized samples it is possible to detect at 400 kHz.
anisotrophy. Samples of stiff sediment
or isolated chunks of hard rocks are In the Hamilton-Frame system, the
lifted from the core and cleaned of travel distance is measured simply by
disturbed material. The surfaces of attaching a Dial Micrometer to a
the sample th~at havecontact with the transducer that moves a vertical
transducers are carefully (so as not to distance equal to the sample thickness.
disturb the sample) squared off with a When the sending and receiving trans-
knife or saw and smoothed. The acous- ducers are touching each other, there
tical contact with the transducers is is zero distance between them. A
made with a few drops of seawater, distance reading D, is recorded from

the Dial Micrometer. When a sample is
In a few instances, the velocities of placed between the transducers, a
weak sediments were measured through second Dial Micrometer reading D2 is
the core liner when the sediments were recorded, and the travel distance is
too soft to be handled without destroy- calculated as D1-D2.
Ing their integrity. In these

The travel time across the sample is
measured in a similar manner as the

*Sound Velocity section quoted from, distance and is made simultaneously
Boyce (1970) with the distance measurements. The

lower transducer sends the sound wave



and the upper one receives it. When c. Penetrometer*

the two transducers are together, the
received wave is observed in an oscil- The purpose of the penetration meas-
l Ioscope and a relative time reading, urements is to indicate relative dif-
t1 , is recorded. There is some rela- ferences of the sediment stiffness for
tive time across the transducers at purposes of lithologic description.
zero separation. A sample is placed Penetrometer values are in units of

* between the transducers and a second millimeters that a standard needle will
reading, t2 , of the received wave is penetrate under a fixed load of 50 g

recorded. This is essentially the + .1 g. The standard needle is about
relative time the sound takes to cross 5 cm in length and 1.00 to 1.02 rrm in
the transducers plus the sample. Thus, diameter. This equipment is described
the time that the sound traveled in detail in American Sdciety of Test-
through the sample is t2-t1 . Velocity ing and Materials (1965). These meas-
is calculated by Vp = (D1-D2 /t2-tl) = urements are not designed to be a cal-
km/sec. The temperature of the sample culated specific unit of strength such
is recorded at the time of measurement. as shear strength. Because the surface

sediments are normally disturbed during

Temperature coring operations, these values are not
necessarily representative of in situ

The velocity measurements were done conditions.
after the samples were brought to room
temperature. This allows for a good d. Seismic Profiles

comparison of data and eliminated
samples with a temperature gradient. All the photographs in this report are
The temperatures of the soft sediments of seismic reflection data collected on

could be obtained by simply inserting a the R/V GLOMAR CHALLENGER. The seismic
thermometer into, or near the sample. reflection profiler system was gener-
Where the rocks were without a soft ally the same on all legs, consisting

matrix in which to insert a thermom- of:
eter, the room temperature was
recorded after sufficient time was 1. Bolt PAR 600A airgun of variable
allowed for the rock to come to room size, 30-300 cubic inches.
temperature. 2. A 20-element EVP23 towed array.

3. Bolt FA-7 band pass filter, set for
a 30-150 Hz band.
4. Two EDO Western Model PBR 333
recorders.

Sound %elocity Test And Corpar sons

I) Dis t I led water at aknown temerature: Sites with seismic record photographs
missing indicate no adequate data are1.503 1.489 0.93 available on microfilm from the GLOMAR

1.490 1.489 0.07 CHALLENGER. Other research vessels
1.486 1.490 -0.27 gathered seismic data on the prelim-

2) Sem.niandard lIcte, brass and a[ninum blocks: inary site surveys and generally, have

LUCITE BRASS ALLI"U data available. To find other sources
Boyce 2.741 km/,ec 4.506 k/,ec 6.293 km/sec for seismic data, refer to the Initial
Leg 15 (10.84%) (10.45%) (+1.29%)
Schriebe,

3  
2.745 km/sec 4.529 km/sec 6.295 km/sec Reports of the Deep Sea Drilling
(0.006 (0.004 (0.00 Project

km/sec km/sec km/sec

*Penetrometer explanation comes from

Boyce, (1970).



2. Shore-based Studies measured a second time. The volume of
carbon dioxide gas Is the difference of

a. Grain-Size Analyses the two volumetric measurements.
Corrections were made to standard

Grain-Size distribution was determined temperature and pressure. Step-by-step
by standard sieving and pipette procedures are in Volume IV of the

analysis. The sediment sample was Initial Reports of the Deep Sea Dril-
dried and then dispersed in a Calgon ling Project and a discussion of the
solution. If the sediment failed to method, calibration, and precision are
disaggregate in Calgon, it was In Volume IX.
dispersed in hydrogen peroxide. The
sand-sized fraction was separated by a Total carbon and organic carbon (carbon
62.5 um sieve, with the fines being remaining after treatment with hydro-
processed by standard pipette analysis chloric acid) are determined in terms
following Stokes settling velocity of percent by weight and the theoret-
equation, which is discussed in detail ical percentage of calcium carbonate
in Volume IX of the Initial Reports of is calculated from the following
the Deep Sea Drilling Project. Step- relationship:
by-step procedures are covered in
Volume IV. In general, the sand-, Percent calcium carbonate
silt-, and clay-sized fractions are (CaO 3) = (%total C - after

reproducible within +2.5% (absolute) acidification) X 8.33
with multiple operators over a long
period of time. A discussion of this However, carbonate sediments my also
precision is in Volume IX. Sediment include magnesium, iron, or other car-
classification is after Shepard ( ) bonate; this may result in "calcium"
or JOIDES (19 7 4) with the sand, silt, carbonate values greater than the
and clay size boundaries based on the
Wentworth (1922) scale (Figs. 3a & 3b actual content of calcium carbonate.
LithologicIn our determinations, all carbonate is

assumed to be calcium carbonate. Pre-

bcision of the determination is as fol-
b. Carbon and Carbonate Analysese lows:

The carbon-carbonate data were deter- Total carbon
mined by a Leco induction furnace (within 1.2%-12% = +0.3% absolute
combined with a Leco acid-base semi- Total carbon
automatic carbon determinator. Normal- (within 0%-1.2% = +0.06% absolute
ly, the more precise seventy-second Organic carbon = +0.06% absolute
analyzer is used in place of the Calcium carbonate
semi-automatic carbon determinator. (within 10% -100%) = +3% absolute

i(within 10% - 10%) = 13% absolute

The sample was burned at 16000C, and (within 0% - 10%) = t1% absolute

the liberated gas of carbon dioxide and c. Silica Analysis
oxygen was volumetrically measured in a
solution of dilute sulfuric acid and The silica percentage was taken from a
methyl red. This gas was then passed smear slide description of a portion of
through a potassium hydroxide solution, the sediment or rock. A thin layer of
which preferentially absorbs carbon material is applied with water onto a
dioxide, and the volume of the gas was glass slide. It is first dried, then

covered with a material of known
refractive index. The material is then
observed with a transmitted-light

*Carbon and Carbonate Analyses sections microscope. The optical behavior of a
summarized and quoted from Boyce and mineral allows its composition to be
Bode (1972). determined and its relative abundance

is estimated. It is assumed that,
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Figure 3. Sediment textural classifications
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within a reasonable error range, the 1. Automated Lithologic Classification
scientists are consistent in Scheme
determining what minerals are on a
slide and what their relative The lithologic classification scheme
abundances are. used in this study is taken from a

computer program developed by Davies,
d. X-ray Methods Mushich, and Woodbury (1977) for the

automated classification of deep-sea
Samples of sediment were examined using sediments. They utilized a modifica-
X-ray diffraction methods at the tion of a deep-sea sediment classifi-
University of California under the cation scheme developed by a working
supervision of H. E. Cook group from the JOIDES Advisory Panel on

Sedimentary Petrology and Physical
Treatment of the raw samples included Properties (see Section I. A.2.), which
washing to remove seawater salts, has been used by DSDP since Leg 38.
grinding to less than 10 pm under
butanol, and expansion of montmoril- The modified scheme is a dichotomous
lonite with trihexylamine acetate. The key (Fig. 5) with which sediments are
sediments were X-rayed as randomized initially separated into those that are
powders. A more complete account of dominantly biogenetic in composition
the methods used at Riverside is found and those that are not. Biogenetic
in Appendix III of Volume IV and sediments are defined as those in which
Appendix III of Volume XXVIII of the either the siliceous or calcareous
Initial Reports. fossil content exceeds 30% or in which

the total biogenetic components exceed
e. Time Stratigraphic Framework 50%. Biogenetic sediments in which the

total biogenetic component exeeds 70%
Abbreviations of geologic time units are considered pure biogenetic sedi-
used are shown in Figure 4, along with ments; those with less than 70% are
the classification scheme recommended considered transitional biogenetic
by the JOIDES Advisory Panel on sediments. The classification divides
Paleontology and Biostratigraphy in the biogenetic sediments into those
Appendix I, Vol. 3, pp. 609, Initial which are primarily calcareous and
Reports of the Deep Sea Drilling those which are siliceous. Both pure
Project. and transitional biogenetic sediments

are then further subdivided into mono-
C. Lithologic Classification genetic and heterogeneous groups, and

are finally classified on the basis of
Two lithologic classifications are the major biogenetic component.
discussed in this section. The first Monogenetic calcareous sediments have
classification scheme (Sect. II, C.1) more than 60% carbonate, and mono-
was devised for use with digital com- genetic siliceous sediments more than
puters (Davies et al., 1977). This 50% siliceous fossils. Dolomites
autorated scheme was used to generate (greater than 70% dolomites) and
the lithologic presentations in the shallow-water carbonates (greater than
Data Summary Section of this report, 30% shallow-water indicators) are
and is used by the DSDP with their separated as special groups.
automated data files. The second
classification (Sect. II, C.2) is a The nonbiogenetic (detrital) sediments
more complete and formal scheme which are divided, on the basis of the
is used in the Initial Reports, JOIDES presence or absence of more than 10%
(1974). Both schemes are discussed "slow-sediment indicators," into
here to enable the reader to discern pelagic and nonpelagic (terrigenous)
their similarities and dissimilarities, groups. Slow sediment indicators
and to compare the condensed data include authigenic components (zeo-
presentation of this report to be more lites, iron manganese micronodules,
complete lithologic classifications of
the Initial Reports.
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etc.), fish debris, and other indi- limitations of printed graphic hole and
cators of very slow accumulation rates. core summaries.
Non-slow indicator sediments are
divided into terrigeneous and volcano- SHIPBOARD PARAMETERS MEASURED
genic (greater than 80% volcanogenic
material) sediments classified on the Sediment and rock names are defined

basis of texture using schemes proposed solely on the basis of compositional
by Wentworth (1922) and Wentworth and and textural parameters. The composi-
Williams (1932), as shown in Figures 3a tional factors are most important for
and 3b. All sediment groups are description of those deposits more

classified according to the degree of characteristic of open marine condi-
induration. tions, with textural factors becoming

more important for the classification
2. JOIDES Lithologic Classification of hemipelagic and near-shore facies.
Scheme* Sediment names are thus based solely

upon these parameters as determined in
PRINCIPLES USED IN CLASSIFICATION smear slides aided by compositional and

textural properties apparent to the
1. This is a lithologic sunmary naked eye or under the hand lens.
classification designed to generalize Other descriptive parameters include:
core descriptive material of greater induration, sediment disturbance, sedi-
detail into a form suitable for mentary structures, and color. The
standard core and hole logs. Its determination of these parameters is as
systematic use will facilitate core to follows:
core and leg to leg comparisons.

1) Composition - biogenic and mineral
2. The classification covers most of components are estimated 'n percent
the lithologic types encountered so far from smear slides. CaCO3 content is
but does not attempt to be comprehen- estimated by using the carbonate bomb
sive. A category "special Rock Types" available on the ship. Even with rapid
allows additional definitions and use, a value of +5% is achievable.
terminology at the discretion of the
shipboard staff for rock types not 2) Texture - visual estimates from
covered. smear slide examination.

3. Sediment names are those in common 3) Induration - The determination of
usage and have been defined within the induration is highly subjective, but
limits of existing definitions, field geologists have successfully made

similar distinctions for many years.
4. Categories are based on sediment The categories suggested here are
parameters measured on board ship. thought to be practical and signifi-
Refinement by shore laboratory data is cant. The criteria of Moberly and
possible but not necessary. Heath (1971) are used for calcareous

deposits; subjective estimate or
5. The classification is descriptive behavior in core cutting for others.
and genetic implications are not There are three classes for calcareous
intended, sediments: two for all others.

6. The degree of detail of the a) Calcareous sediments

classification is scaled to the space[ cia(i) Soft: Oozes have little strength

and are readily deformed under the
*finger or the broad blade of a spatula.
'Explanation of JOIDES Lithologic

Classification Scheme quoted from (II) Firm: Chalks are partly indurated[ JOIDES (1974) oozes; they are friable limestones that
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are readily deformed under the finger- Consequently, the description of

nail or the edge of a spatula blade. sedimentary structures is optional.
More indurated chalks are termed The following approach is suggested as
limestones (see below). a guideline, but the specialist is

encouraged to use his own preferred*1(iii) Hard: Limestones 3s a term system and set of symbols.
should be restricted to cemented rocks.

a) Median grain size profile: For the

b ) The following criteria are sections of terrigenous sediments, with
recommended for all but calcareous interbeds of varying textural charac-

sediments: teristics, the construction of median
grain size profile based on hand lens

(i) If the material is low state o f observations provides a rapid method

induration as to allow the core to be for illustrating graded and non-graded
split with a wire cutter, the sediment beds, bed thicknesses, and size
name only is used (e.g., silty clay; distribution.
mud).
'b b) Sedimentary structures: A set of
(ii) If the core must be cut on the suggested symbols is provided for
band saw or diamond saw, the suffix categories shown on (Fig. 7).

L 'stone' is used (e.g., silty claystone;
mudstone; or shale, if fissile). 6) Color - According to standard
t Munsell and GSA color charts.

4) Sediment Disturbance - Deformation
structures are generally of the type USE OF THE CORE FORM
found in piston cores, and are usually
simple to visualize and interpret. 1') Mandatory Graphic Lithology Column-

This graphic column is based on the

a) Soft to firm sediment: The above classification scheme. Completion
following categories are reconmmended. of the column using the appropriate symbols

(Fig. 8) must be done for each site, and

(i) Slightly deformed-bedding contacts will be included in the Initial Core
are slightly bent. Description (lCzD) and Initial Report

Volume. The "Special Rock Type" category

(ii) Moderately deformed-bedding should be used for sediment types not in
contacts have undergone extreme bowing. the classification.

(iii) Very deformed-bedding is a) Optional graphic column: If
completely disturbed, sometimes showing circumstances or the special skills and

4 synmmetrical diapir-like structure. interests of the shipboard staff
indicate an additional modified or

(iv) Soupy-water saturated intervals different classification, another
which have lost all aspects of original graphic column may be added to the
bedding. right of the Mandatory Column using

definitions, terminology and symbols
b) Hard sediments: There is also the that, in the opinion of the shipboard
need to indicate the degree of frac- staff, will increase the information
turing in hard sediments/rock. This is yield. This Optional Column must not
best accomplished with a written de- substitute for the Mandatory Column.
scription in the Lithologic Description
port ion of the Core Form (Fig. 6). 2) Sediment disturbance column -

Completion of the sediment disturbance
5) Sedimentary structures - In many column using symbols and distinctions
cores it is extremely difficult to given below is mandatory.
differentiate between natural and

.~coring-induced structures.
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SAMPLE CORE FORM

)te Hole Lre I j rva :

HARACITEk .- 2
r TLOGY L I THULLGI C D R :PT:Ur;

UC.) DJ~

0
Colors Area of general description: general

ithology, color, deformation and
.5- other characters.

.0- 0
0 Smear slide descriptions:

Lithology designation
Composition in

oTexture in % sand, silt, clay

2 Note: Smear slide location is given
by section and depth in section in

' cm. For example 3-25 is a smear

E . slide at 25 a depth in Section 3.

0 0

,, . 0 j0 ). U

0 00

•0 E
0)

0 0

W

Core
Catcher

Figure 6. Sample core form (from DSDP, Vol. 39)
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Bioturba.ion Wavy laminations

Parallel Massive or homogeneous

laminations _ _ (no symbol necessary)

C t bLoad casts (HAND DRAWN) -T-SContorted bedding 6 2->

(not artificial)

* Sharp contact
* (HAND DRAWN)

Graded bed

Sedimentary clasts +4

Cross stratification -
Burrows m

Gradational contract
(HAND DRAWN)

Figure 7. Sedimentary structure symbols (from DSDP, Vol. 39)
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Symbols which may be used for any
new additions to the present

- blo--en.1i Vertical bar pertent sediment/rocktgroups. As+sign
(7) esigCnation number and letter in accordance

Pelagic Clay for Graphic Loq. with present systm.?:
I I

4 % 807

I eou 0 i

Oatow-Rad or
Divan 01Pe Radiolarian Ooze Siliceous Ooze

PealcSlcosSoe li Hr
0iat9te Rdiolrlate Porcellanite Chert

r5 ~ 1777£ A I
S584 S85 6. /S . 6 6 1 BI

Transitinal Blogrni S eous edt ent
S14oenico Componont 50 5'l.e~u' coal-ent Sr)

" Symbl andAccordt-1 to

C*|alareoos 8oeJpr N J

Ptiagh Btoienit Calcareou, - Soft Nanno-Foram or
Mmn fos I noze Foramnifer Ooze roram-Nanno Ooze Catiareous Ooze

ClI [ 2 C83

Pe~ldq1L B1oPniC Calcarpou%, - Farm Nanno-foram or
tainof iI Chalk Foraminifer Chalk Foram hanno Chalk Cadlreous Chalk

Pet 9" 8,0J"i, Calcareus -Hard Transitional Be 9 en Calca-eous Seycients

L IftStone "a, I

CTerrvSenou% Sedinnts Qualifier. Letter Overprint (as per enamples) eoltte Al Glauconite A3 Siderite A4 (other my be desiqnated)

fClay/Claystone Pud/Mudstone ShIle (FI11|1.) Sandy mud/Sandy mudstone Silt/Siltstone Sand/Sandstone

T vapor teE
Pyre, last

i
, Volcanic Ash Volcanic Lapi1 Volcanic Breccia

Coflcret en~s
I I1 w Ce ith Symbo (Others may e desiqnated)

Spec at Rock Tjcjce rM 1 rm -

Baoclc Ac d Ph*ltff~ for special rock types not shown

Granel Conqilcaerate Birecca lqwoes lq W.os Dll C olomite Coals check with Science tditor for

[Zsym* and number.
IS SR45 SR3 [ St4 S WASR SR8

Figure 8. Lithologic symbols (from DSDP, Vol. 39)
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3) Sedimentary structure columns - abundance. The boundaries have been

Structures may be designated on the set to take this into account.
core form in the sedimentary structure
column parallel to the sediment c) Abundance of authigenic components
disturbance column, and/or on the (zeolites, Fe, and Mn microndules etc),
median grain size profile (for the fish bones, and other indicators of
sectiors of terrigenous sediments, with very slow spdimentation (estimated in
interbeds of varying textural charac- smear slides); semi-quantitative
teristics). The median grain size boundary: common 10%. These components
profile is located in the lithologic are quite conspicuous and a semi-
description portion of the core form. quantitative estimate is adequate.
A set of suggested symbols for a few Even a minor influx of calcareous,
more common structures has been siliceous, or terrigenous material
prepared by DSDP (Fig. 6), but the will, because of the large difference
shipboard geologist is free to use in sedimentation rate, dilute them to
whatever additional symbols he may insignificance.
wish. These optional columns may not
substitute for the mandatory sediment d) Abundance of terrigenous detrital
disturbance column and must be distinct material (estimated from smear slides):
from it. 30%.

4. Lithologic description column - e) Qualifiers: Numerous qualifiers ,re
Format, style, and terminology of the suggested; the options should be useo
descriptive portion of the core sheets freely. However, components of less
are not controlled by the mandatory than 5% (in smear slide) should not be
column scheme, beyond the minimal name used as a qualifier except in special
assignment which should be derived from cases. The most important component
this classification. However, colors should be the last qualifier. No more
and additional information on structure than two qualifiers should be used.

and textures should normally be inclu-
ded in the textural section of the core Description of Sediment Types
description.

1) Pelagic clay - Principally

LITHOLOGIC CLASSIFICATION SCHEME authigenic pelagic deposits that
accumulate at very slow rates. The

The following define compositional class is often termed brown clay, or
class boundaries and use of qualifiers red clay, but since these terms are
in the lithologic classification confusing, they are not recommended.
scheme:

a) Boundary with terrigenous sedi-
1) Compositional Class Boundaries ments: Where authigenic components

(Fe/Mn micronodules, zeolites), fish
a) CaW03 content (determined by Ca0W3  debris, etc., become common in smear
bomb): 30% and 60%. With a 5% preci- slides. NOTE: Because of large
sion and given the natural frequency discrepancy in accumulation rates,
distribution of CaCO3 contents in transitional deposits are exceptional.
oceanic sediments, these boundaries can
be reasonably ascertained. b) Boundary with siliceous biogenic

sediments: <30% indentifiable siliceous
b) Biogenic opal abundance (expressed remains.
as percent siliceous skeletal remains
in smear slides): 10%, 30%, and 50%. c) Boundary with calcareous biogenous
Smear-slide estimates of Identifiable sediments: Generally the sequence is
siliceous skeletal material generally one passing from pelagic clay through
imply a significantly higher total opal siliceous ooze to calcareous ooze, with

ip one important exception: at the base of



many oceanic sections, black, brown or nannofossil-foraminifer --

red clays occur directly on basalt, depending on
overlain by or grading up into calca- dominant
reous sediments. Most of the basal component
clayey sediments are rich in iron, foraminiferal-nannofossil --

manganese and metallic trace elements.
For proper identification they require b) Transitional biogenic siliceous
more eiaborate geochemical work than is sediments:
available on board. These sediments Diatoms <50% diatomaceous mud: soft
are placed in the "Special Rock" diatomaceous mudstone: hard
category, but care should be taken to Diatoms >50% muddy diatom ooze: soft
distinguish them from ordinary pelagic muddy diatomite: hard

clays.

Radiolarian equivalents in this
2) Pelagic siliceous biogenic category are rare and can be

sediments - These are distinguished specifically described.
from the previous category because they

have more than 30% identifiable sili- 3) Pelagic biogenous calcareous

ceous microfossils. They are distin- sediments - These are distinguished
guished from the following category by from the previous categories by a CaCO3
a CaCO3 content of less than 30%. content in excess of 30%. There are
There are two classes: Pelagic biogenic two classes: Pelagic biogenic calca-
siliceous sediments (containing less reous sediments (containing less than
than 30% silt and clay); and transi- 30% silt and clay); and transitional
tional biogenic siliceous sediments biogenic calcareous sediments

(containing more than 30% silt and clay (containing more than 30% silt and

and more than 10% diatoms). clay).

a) Pelagic biogenic siliceous a) Pelagic biogenic calcareous

sediments: sediments:
soft: calcareous ooze

soft: siliceous ooze (radiolarian firm: chalk
ooze, diatom ooze, depending on hard: indurated chalk.

dominant component).

The term limestone should preferably be
hard: radiolarite porcellanite restricted to cemented rocks.

diatomite chert
(i) Compositional Qualifiers -

(i) Qualifiers: Principal components are: nannofossils
and foraminifers. One or two quali-

Radiolarians dominant: radiolarian ooze fiers may be used, for example:

or radiolarite.

Foram % Name

Diatoms dominant: diatom ooze or
diatomite. Where uncertain: siliceous <10 Nannofossil ooze, chalk,
(biogenic) ooze, or chert or porcel- limestone.
lanite, when containing >10% CaCO 3 , 10-25 Foraminiferal-nannofossil

qualifiers are as follows: ooze
25-50 Nannofossil-foraminifer ooze

indeterminate carbonate: calcareous -- >50 for: Foraminifer ooze

nannofossils only: nannofossil --

foraminifers only: foraminifer Calcareous sediment containing more
than 10%-20% identifiable siliceous

or fossils carry qualifier radiolarian,

diatomaceous, or siliceous depending on
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9 the quality of the identification. For which must generally be cut with the
example, radiolarian-foraminifer ooze. band saw or diamond saw. Sands and

sandstones may be subdivided further
b) Transitional biogenic calcareous into very fine-, fine-, medium-,
sediments coarse-, or very coarse-grained sands

and sandstones according to their
(i) CaCO3 = 30%-60%: marly calcareous median grain size.
pelagic sediments.
soft: marly calcareous (or nannofossil, (i) Qualifiers - In this group numerous
foraminifer, etc.), ooze (see below) qualifiers are possihle, usually based

hard: marly chalk on minor constituents, for example:
hard: manly limestone glauconitic, pyritic, feldspathic. In

the sand and sandstone category, con-
(ii) CaCO3 >60%: Calcareous pelagic ventional divisions such as arkose,
sediments. graywacke, etc., are of course, accept-

able, providing the scheme is properly
soft: calcareous (or nannofossil, identified. Clays, muds, silts, and
foraminifer, etc.), ooze (see below) sands containing 109/-30% CaCO3 shall
firm: chalk be called calcareous.

hard: limestome

NOTE: Sediments containing 10%-30% b) Volcanogenic sediments
CaCO3 fall in other classes where they
are denoted with the adjective Pyroclastic rocks are described accord-
"calcareous." Less than 10% CaCO3 is ing to the textural and compositional
ignored. scheme of Wentworth and Williams

(1932). The textural groups are:I 4) Ternigenous sediments

Volcanic breccia >32 mm
a) Sediments falling in this portion of Volcanic lapilli <32 nm
the classification scheme are subdivi- Volcanic ash (tuff, if indurated) <4 rn
ded into textural groups on the basis Compositionally, these pyroclastic
of the relative proportions of three rocks are described as vitric (glass),
grain size constituents, i.e., clay, crystal or lithic.
silt, and sand. Rocks coarser than
sand size are treated as "Special Rock c) Clastic sediments of volcanic
Types." The size limits for these provenance are described in the same
constituents are those defined by fashion as the terrigenous sediments,
Wentworth (1922) (Fig. 9). noting the dominant composition of the

volcanic grains where possible.
Five major textural groups are recog-
nized on the accompanying triangular 5) Special rock types - The definition
diagram (Fig. 3). These groups are and nomenclature of sediment and rock
defined according to the abundance of types not included in the system
clay (>90%, 90-10%, <10%) and the ratio described above are left to the
of sand to silt (>1 or <1). The terms discretion of shipboard scientists with
clay, mud, sandy mud, silt, and sand the reconmendation that they adhere as
are used for the soft or unconsolidated closely as practical to conventional
sediments which are cut with a wire in terminology.
the shipboard core splitting process.
The hard or unconsolidated equivalents In this category fall such rocks as:
for the same textural groups are clay- Intrusive and extrusive igneous rocks;
stone, mudstone (or shale, if fissile), Evaporites, halite, anhydrite, gypsum
sandy mudstone, siltstone, and sand- (as a rock), etc.;
stone. Sedimentary rocks falling into Shallow water limestone (biostromal, 4
the consolidated category include those biohermal, coquina, oolite, etc.);

.22.



Ph, 0)
Millimeters units Wentworth size class

- 2.00 2 - 1.0 - Granule---

1.68 0.75
1.41 0.5 Very coarse sand
1.19 1 0.25
I.00 _ _1 -I 0.0
0.84 0.25
0.71 0.5 Coarse sand
0.59 0.75

4 0.50-- -- 12 1.0

Z 0.42 1.25
( 0.35 1.5 Medium sand

0.30 1.75
0.25-- 1/4 2.0
0.210 2.25
0.177 2.5 Fine sand
0.149 2.75
0.125 - -- 1/8 3.0
0.105 3.25
0.088 3.5 Very fine sand
0.074 3.75

-0.0625 -1/6-. 4.0

0.053 4.25
1 0.044 4.5 Coarse silt
,2 0.037 4.75
,' 0.031 - 1/32 5.00.0156 - -1/64 --- 6.0 ---- Medium silt- 0.0078 -- 1/128 -- 7.0 - Fine slt -

-0.0039 -1/ ..12 .- 8.0 ----- y finesl -

0.0020 9.0
0.000098 10.0 Clay
0,00049 110
0.00024 12.0
0.00012 130
0.00006 140

(;rade scales for terrigenous sediment.

Figure 9. Sediment grain size scale
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Dolomite; Ler XI Measurements of Physical
Gravels, conglomerates, breccias; Properties in Sediments of the Western
Metalliferous brown clays; North Atlantic and their Relationship
Concretions, barite, iron-manganese, to Sediment Consolidation, Fred J.
phosphite, pyrite, etc.; Paulus, Vol. XI, pt. 3, Chap. 24, p.
Coal, asphait, etc.; 667, 1970.
and many others.

Compressional Souno 'elocities in
The mandatory graphic lithology column Semi-Indurated Sediments and Basalts
should be completed by shipboard staff from DSDP Leg XI, Edward Schreiber, P.
with appropriate symbols for intervals J. Fox, and J. Peterson, Vol. XI, pt.
containing special rock types. It is 3, Chap. 25, p. 723, 1970.
imperative that symbols and rock nomen-
clature be properly defined and de- Discussion and Interpretation of Some
scribed by shipboard staff. Physical Properties, R. B. Whitmarsh, I

Vol. XII, pt. 2, Chap. 12, p. 935,
1970Ill. Selected Bibliography of Special Studies 1970.

Underway Geophysical Measurements
Included in the Initial Reports, along Obtained on the GlOMAR CHALLENGER in
with the site discussions, are a number the Eastern North Atlantic and
of "Special Studies". These studies Mediterranean Sea, W. B. F. Ryan and T.
are generally directed toward selected B. Gustafson, Vol. XIII, pt. 2, Chap.
sites or synthesize the drill sites of 15, p. 517, 1970.
a single leg; however, they often have
regional or global significance. This Geophysical Surveys at Sites 120, 121,
section is comprised of a list of and 132 of the Deep Sea Drilling
papers which appear in the Special Projects, E. Christofferson and M. R.
Studies section of the Initial Reports, Fisk, Vol. XIII, pt. 2, Chap. 16, p.
Volumes 1-44, which deal with 581, 1970.
geophysical, engineering, and physical
properties of the sea floor. Correlation of a Trans-Tyrrhenian

Reflection Profile with Site 132, E. F.
Comparison of Three Methods of K. Zarudzki, C. Morelli, I. Finetti, H.
Measuring or Estimating Sonic Velocity K. Wong, Vol. XIII, pt. 2, Chap. 17, p.
in Sediments, Dean A. McManus, Vol. V, 587, 1970.
Chap. 27, p. 545, 1969.

Compressional Wave Velocity in Selected
Saturated Bulk Density, Grain Density Samples of Gabbro, Schist, Limestone,
and Porosity of Sediment Cores from the Anhydrite, Gypsum and Halite, E.
Western Equatorial Pacific: Leg 7, Schreiber, P. J. Fox and J. J.
GLOMAR CHALLENGER, E. L. Gealy, Vol. Peterson, Vol. XIII, pt. 2, Chap. 18,
VII, pt. 2, Chap. 24, p. 1081, 1969. p. 595, 1970.

Sound Velocity, Elastic Constants, and Evaluation of Physical Properties
Related Properties of Marine Sediments Measurements, J. M. Lort, Vol. XIII,
in the Western Equatorial Pacific: Leg pt. 2, Chap. 39, P. 1401, 1970.
7, GLOMAR CHALLENGER, E. L. Gealy, Vol.
VII, pt. 2, Chap. 25, p. 1105, 1969. Bathymetric, Magnetics, and Seismic

Reflection Data: CHALLENGER Leg XIV,
Physical Properties Synthesis, F. M. Dennis E. Hayes and Anthony C. Pimm,
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